TITLE OF THE INVENTION 

» 

Semiconductor Laser Device Including Cladding Layer Having 
Stripe Portion Different in Conductivity Type from Adjacent Portions 
BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a semiconductor laser device 
necessary for fiber optics communications, optical measuring systems, or 
optical information processing such as optical disks, and more particularly 
to a semiconductor laser device characterized by a channel portion and a 

10 current narrowing portion (that is, a channel structure). 
Description of the Background Art 

Semiconductor lasers require channel portions serving as a current 
narrowing structure to be fabricated in semiconductor. Such a structure 
includes a ridge structure. To form a ridge structure, it has been necessary 

15 to fabricate a striped pattern mask on a wafer, form a ridge structure portion 
by dry-etching or wet-etching, then perform a process operation of removing 
the pattern mask for etching, and thereafter perform crystal- growth of a 
current narrowing portion. Moreover, this method has inevitably increased 
the costs due to the channel forming operation and regrowth as wet-etching 

20 or dry-etching has been used. In addition, there have been problems such 
as characteristic variations between the steps and characteristic variations 
due to regrowth. 

Structures different from the one described above includes a channel 

buried structure, in which a current narrowing layer is etched in a striped 
25 manner, followed by regrowth of a channel portion. In this case, the 

operation flow itself is similar to that in the ridge structure, thereby leading 

to the similar problems. 

Still another structure includes a method of forming a channel by ion 

implantation. This structure has also required fabrication of a striped 
30 pattern mask, an operation of ion implantation, and a subsequent operation 

of removing the pattern mask. Moreover, this structure has increased the 

cost due to the channel forming operation and caused characteristic 

variations due to the variations between the steps. 
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Japanese Patent Laying-Open No. 7-263796 discloses a method of 
forming a channel portion using a substrate that is partially inclined. This 
structure has also required fabrication of a striped pattern mask on a wafer, 
etching of the substrate, and the subsequent operation of removing the 
5 pattern mask. Moreover, this structure has inevitably increased the costs 
resulting from the operations and increased variations between the steps, 
though there is no need for regrowth. In addition, since this structure has 
a non-flat crystal growth surface of a laser chip, there has been a need to 
correct inclination of laser light in packaging, which makes the packaging 

10 difficult. 

Japanese Patent Laying-Open No. 10-107383 discloses a 
semiconductor laser device having a waveguide formed by crystal growth 
with light partially radiating on a substrate. The operation of forming and 
removing a pattern mask is not necessary in manufacturing this 

15 semiconductor laser device. A flat crystal growth layer, however, cannot be 
obtained since crystal is grown only on a light irradiated portion. 

Japanese Patent Laying-Open No. 5-254984 discloses a method of 
forming a semiconductor thin film by applying high-power laser light on a 
substrate to melt the substrate and by causing the laser light to decompose 

20 and diffuse a dopant. Although this method also requires no operation of 
forming and removing a pattern mask, a flat crystal growth layer cannot be 
obtained. 

Japanese Patent Laying-Open No. 5-144744 discloses a method of 
forming a semiconductor thin film by introducing a doping gas material 

25 while applying laser light on a substrate to form a temperature distribution. 
In this forming method, however, there is no specific description as to what 
range on the substrate should be irradiated with laser light and how the 
resultant semiconductor device is structured. 
SUMMARY OF THE INVENTION 

30 The present invention is made in light of such conditions described 

above. The object of the present invention is to provide a highly reliable 
semiconductor laser device with good electrical and optical characteristics in 
which a channel portion and a current narrowing portion constituting a 



channel structure can be manufactured easily and the manufacturing costs 
can be reduced considerably. 

A semiconductor laser device in accordance with the present 
invention has a pair of cladding layers with an active layer interposed 
5 therebetween, wherein at least one of the cladding layers is of the same 
composition through an entire region of the cladding layer, excluding a 
dopant in the cladding layer, and has a stripe portion different in 
conductivity type from adjacent portions. 

Preferably, the stripe portion different in conductivity type from 
10 adjacent portions forms a channel portion or a current narrowing portion. 

Preferably, when the stripe portion different in conductivity type 
from adjacent portions is formed in each cladding layer, the stripe portions 
are opposed to each other with the active layer interposed therebetween. 

Preferably, when the cladding layer is formed of two layers of 
15 separate inner and outer layers, the stripe portions different in conductivity 
type from adjacent portions are opposed to each other with both of the active 
layer and the inner layer of the cladding layer interposed therebetween. 

Preferably, the stripe portion different in conductivity type from 
adjacent portions is formed by using at least two carrier material gases 
20 having different absorption rates into the cladding layer at a prescribed 

temperature and different conductivity types, and by creating a temperature 
distribution of crystal growth temperatures for the cladding layer. 

Preferably, the temperature distribution is created by laser 
radiation in the form of a stripe portion. 
25 Preferably, the temperature distribution is created by scanning with 

laser light. 

Preferably, all layers in the semiconductor laser device are flat. 

In the semiconductor laser device in accordance with the present 
invention, the semiconductor laser device structure as described above can 
30 be fabricated in a single crystal growth by utilizing the difference in 

absorption rate of carrier material gas depending on the crystal growth 
temperature, without forming or etching a pattern mask for forming a 
channel portion and a current narrowing portion. Therefore, the costs and 
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characteristic variations can be reduced. Furthermore, the layers 
constituting the semiconductor laser device are flat, which makes the 
packaging operation easy. 

The foregoing and other objects, features, aspects and advantages of 
5 the present invention will become more apparent from the following detailed 
description of the present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A-1C are perspective views showing a stacked structure of a 
10 semiconductor laser device during crystal growth, where Fig. 1A shows a 

state after deposition of a p -cladding layer, Fig. IB shows a state in which a 
channel portion and a current narrowing portion are formed with laser light 
radiation, and Fig. 1C shows a completed state. 

Figs. 2A-2C are perspective views showing another stacked 
15 structure of a semiconductor laser device during crystal growth, where Fig. 
2A shows a state in which a channel portion and a current narrowing 
portion are formed with an n-cladding layer irradiated with laser light, Fig. 
2B shows a state in which a channel portion and a current narrowing 
portion are formed with a p-cladding layer irradiated with laser light, and 
20 Fig. 2C shows a completed state. 

Fig. 3 is a graph showing the relation between carrier concentrations 
of C (carbon) dope and crystal growth temperatures. 

Fig. 4 is a graph showing the relation between carrier concentrations 
of Zn dope and crystal growth temperatures. 
25 Fig. 5 is a graph showing the relation between carrier concentrations 

of HkSe dope and crystal growth temperatures. 

Fig. 6 is a graph showing the relation between carrier concentrations 
of SiEU dope and crystal growth temperatures. 

Fig. 7 is a graph showing the relation between carrier concentrations 
30 of GeH4 dope and crystal growth temperatures. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
<Basic Structure> 

A semiconductor laser device of the present invention has a basic 
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structure including a pair of cladding layers (an n-cladding layer 102 and 
p-cladding layers 104, 105, 107) stacked on a substrate 101 with an active 
layer 103 interposed therebetween. Here, any substrate may be used as 
long as it is known as a substrate for a semiconductor laser device, including, 
5 for example, GaAs, AlGalnP, GaP, GalnP, InP, GaAsP, GaN, Si, SiC, 

sapphire substrates. These substrates may contain a variety of dopants. 

The active layer is a region where a waveguide allowing stimulated 
emission and external radiation of laser light is formed and may have a 
multiple quantum well structure. Any active layer may be employed 
10 without limitation as long as it is a conventionally known active layer. The 
active layer is deposited in such a manner that it is interposed between a 
pair of cladding layers described later. 

It is noted that although the semiconductor laser device of the 
present invention has a basic structure formed of the substrate and the 
15 layers described above, another layer may be deposited without departing 
from the scope of the present invention. Such layers include, for example, 
an n-semiconductor layer, a p-semiconductor layer, a contact layer, an 
insulating layer, a variety of electrodes, and the like. 

The semiconductor laser device of the present invention is 
20 characterized in that all the layers in the device are flat. Here, "flat" means 
that there is no convex/concave or step of 0.5 jam or more on the surface of 
the crystal growth side of the semiconductor laser device. This greatly 
facilitates the packaging operation. 

<Cladding Layer> 

25 The cladding layer of the present invention is formed of a pair of 

semiconductor layers, with the active layer interposed therebetween, having 
an action of confining carriers and light. In accordance with the present 
invention, at least one of the cladding layers is of the same composition 
through the entire region of the cladding layer, excluding a dopant within 

30 the cladding layer, and has a stripe portion different in conductivity type 
from adjacent portions. Since the composition excluding the dopant is the 
same through the entire region of the cladding layer, the cladding layer of 
the present invention can be formed very easily. It is noted that the 



cladding layer may be formed of separate inner and outer layers as desired. 

<Stripe Portion Different in Conductivity Type from Adjacent 
Portions> 

In accordance with the present invention, a stripe portion different 
5 in conductivity type from adjacent portions is formed in the aforementioned 
cladding layer. Such a stripe portion different in conductivity type from 
adjacent portions can be formed of two or more parts as desired. Here, the 
term "different in conductivity from adjacent portions" means, for example, 
that if a portion adjacent to a stripe portion is of n-type, the stripe portion is 

10 of p-type. On the contrary, if the conductivity type of the adjacent portions 
is p-type, the stripe portion is of n-type. The stripe portion different in 
conductivity type from adjacent portions forms a channel portion or a 
current narrowing portion (a so-called channel structure). Preferably, the 
stripe portions may be opposed to each other with the active layer interposed 

15 therebetween. When a cladding layer is formed of separate inner and outer 
layers, the stripe portions can be formed such that they are opposed to each 
other with both of the active layer and the inner layer of the cladding layer 
interposed therebetween. When such a stripe portion different in 
conductivity type from adjacent portions is formed in the cladding layer, the 

20 permissible range of the carrier concentration in the current narrowing 
portion is advantageously extended, which facilitates the fabrication. 
When the stripe portions are formed opposed to each other as described 
above, the operating current value for the laser can be lower, although the 
permissible range of the carrier concentration in the current narrowing 

25 portion is reduced, making the fabrication difficult. 

The stripe portion different in conductivity type from adjacent 
portions can be formed by using two or more carrier material gases having 
different absorption rates into the cladding layer at a prescribed 
temperature and having different conductivity types, and by creating a 

30 temperature distribution of crystal growth temperatures for the cladding 
layer. The aforementioned temperature distribution can be created by 
laser radiation in the form of a stripe portion and preferably created by 
scanning with laser light. This eliminates the need for a pattern forming 



-6- 



step and allows formation of a channel portion or a current narrowing 
portion in a single crystal growth process, thereby significantly reducing the 
manufacturing costs and preventing semiconductor characteristic variations 
between products. 

5 In the following, the present invention will be described in more 

detail based on Examples. The present invention, however, is not limited 
thereto. 

<Example 1> 

Example 1 will be described with reference to Figs. 1A-1C. Figs. 

10 1A-1C are perspective views showing a stacked structure of a semiconductor 
laser device during crystal growth, including a substrate 101, an n-cladding 
layer 102, an active layer 103, a p-cladding layer 104 (an inner layer of the 
cladding layer), a current narrowing portion 105, a p -semiconductor layer 
106, and a stripe portion 107 different in conductivity type from adjacent 

15 portions and forming a channel portion (a current path). It is noted that a 
cladding layer (an outer layer of the cladding layer) formed on the outer side 
of p-cladding layer 104 is constituted with current narrowing portion 105 
and stripe portion 107 having a conductivity type different from that in the 
adjacent portions. 

20 Substrate 101 is n-type GaAs doped with Si (2 x 10 18 cnr 3 ). Crystal 

growth of each layer of the semiconductor laser device was performed on this 
substrate. The temperature in crystal growth was set at 600-800 °C. For 
n-cladding layer 102, using trimethyl gallium (TMG), arsine and trimethyl 
aluminum (TMA), and further using H2Se as a carrier gas, an n-type 

25 AlxGaixAs (X=0.5) layer with a carrier concentration of approximately 1 x 
10 18 cnr 3 was deposited to a thickness of approximately 1 jam. For active 
layer 103, using trimethyl gallium (TMG), arsine and trimethyl aluminum 
(TMA), a non-doped AlxGaiocAs (X=0.14) layer was deposited to a thickness 
of approximately 80 nm (a multiple quantum well structure is possible). 

30 For p-cladding layer 104, using trimethyl gallium (TMG), arsine and 

trimethyl aluminum (TMA), a p-type AlxGaixAs (X=0.5) layer doped with C 
(carbon) at V/III ratio=30 with a carrier concentration of 7xl0 17 cm 3 was 
deposited to a thickness of about 0.3 jam (Fig. 1A). 
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For current narrowing portion 105, using trimethyl gallium (TMG), 
arsine and trimethyl aluminum (TMA) similar to p-cladding layer 104, 
crystal growth was performed with a supply of carrier material gas EbSe 
under the same growth condition as p-cladding layer 104 at V/III=30, so that 
5 an AlxGai xAs (X=0.5) layer of the same composition as p-cladding layer 104 
was formed at a thickness of approximately 1.2 |im. Here, the substrate 
(p-cladding layer 104) was partially heated by being scanned and irradiated 
with laser light in the shape of the channel portion (stripe portion 107 
different in conductivity type from adjacent portions), whereby a p-type 

10 portion was formed (Fig. IB). 

The conditions under which current narrowing portion 105 is grown 
will now be described in more detail. First, epitaxial growth was performed 
at a V/III ratio of 30, resulting in p-type carrier concentration in a low- 
temperature growth portion. Here, the carrier acting as p-type is C 

15 (carbon) derived from the aforementioned TMG. As shown in Fig. 3, in the 
case of C dope, the p-type carrier concentration is higher with a higher 
growth temperature. (It is noted that Fig. 3 is a graph showing the relation 
between carrier concentrations represented on the axis of ordinate and 
crystal growth temperatures on the axis of abscissa.) The carrier material 

20 gas H2Se supplied during the growth of the current narrowing portion is 

characterized in that the n-type carrier concentration becomes lower with a 
higher growth temperature, as shown in Fig. 5. (It is noted that Fig. 5 is a 
graph showing the relation between carrier concentrations represented on 
the axis of ordinate and crystal growth temperatures on the axis of abscissa.) 

25 These characteristics allow the crystal growth with a temperature difference 
between the channel portion and the current narrowing portion, that is a 
temperature distribution, whereby p-type and n-type parts can be 
separately formed. Therefore, while crystal growth was performed in 
current narrowing portion 105 at such a temperature that results in n-type 

30 with a carrier concentration of approximately lx 10 18 cnr 3 , the temperature at 
the channel portion (stripe portion 107 different in conductivity type from 
adjacent portions) was increased by laser radiation by 10-100 °C, so that the 
p-type portion with a carrier concentration of approximately lxl0 18 cnr 3 was 
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formed. Accordingly, stripe portion 107 different in conductivity type from 
adjacent portions could be formed at a time. 

Then, after a p-GaAs layer was grown as p -semiconductor layer 106 
using trimethyl gallium (TMG) and arsine, a series of crystal growth 
5 processes were completed. The semiconductor layer device of the present 
invention as shown in Fig. 1C was thus manufactured. 
<Example 2> 

In Example 1, it has been described that the laser irradiation portion 
attains p-type. However, the laser irradiation portion attained n-type by 

10 using DMZ (dimethyl zinc) shown in Fig. 4 as the p-type carrier material gas 
and using SiH 4 shown in Fig. 6 or GeH 4 shown in Fig. 7 as the n-type carrier 
material gas. It is noted that Figs. 4, 6 and 7 are graphs each showing the 
relation between the carrier concentrations represented on the axis of 
ordinate and the crystal growth temperatures on the axis of abscissa. 

15 <Example 3> 

Example 3 will be described with reference to Figs. 2A-2C. Figs. 
2A-2C are perspective views showing a stacked structure of a semiconductor 
laser device during crystal growth, including substrate 101, n-cladding layer 
102, active layer 103, p-cladding layer 104 (an inner layer of the cladding 

20 layer), current narrowing portions 105, 205, p -semiconductor layer 106, 

stripe portions 107, 207 different in conductivity type from adjacent portions, 
each forming a channel portion (a current path). It is noted that the 
cladding layer (an outer layer of the cladding layer) formed on the outer side 
of p-cladding layer 104 is constituted with current narrowing portion 105 

25 and stripe portion 107 different in conductivity type from adjacent portions. 

In this example, using as raw materials, n-type GaAs substrate 101 
doped with Si (2xl0 18 cnr 3 ), arsine, trimethyl gallium (TMG) and trimethyl 
aluminum (TMA), with the application of the method for use in the growth of 
the channel portion (stripe portion 107) in Example 1 to the crystal growth 

30 of n-cladding layer 102, the portion (i.e. current narrowing portion 205) 

other than the portion opposed to the channel portion (stripe portion 107) 
was irradiated with laser light to attain n-type or p-type with a carrier 
concentration of lxl0 17 cnr 3 or lower. Here, the portion (i.e. stripe portion 
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207 forming the channel portion) opposed to the channel portion (i.e. stripe 
portion 107) is not irradiated with laser light to be kept at a low temperature, 
and with a such temperature setting that results in n-type with a carrier 
concentration of approximately lxl0 18 cnr 3 , n-cladding layer 102 was grown. 
5 Current narrowing portion 205 in cladding layer 102 was grown under the 
same conditions as Example 1 (Fig. 2A). It is noted that HkSe was used as 
the carrier material gas. Thus, n-cladding layer 102 includes current 
narrowing portion 205 and stripe portion 207 different in conductivity type 
from adjacent portions. 

10 Thereafter, active layer 103, p-cladding layer 104, current narrowing 

portion 105, a channel portion (stripe portion 107 different in conductivity 
type from adjacent portions), and p -semiconductor layer 106 were deposited 
on n-cladding layer 102 by the same method as Example 1 (Fig. 2B). The 
semiconductor laser device shown in Fig. 2C was thus manufactured. The 

15 resultant semiconductor laser device has a higher resistance in the low 
carrier concentration portion, so that current spread only occurs to the 
extent of the width of the channel portion, thereby resulting in a high 
efficient laser. 

It is noted that the channel portion (stripe portion 207 different in 
20 conductivity type from adjacent portions) in n-cladding layer 102 as 

described above could be irradiated with laser light during crystal growth. 
Alternatively, a cladding layer (corresponding to layer 104 (the inner layer 
of the cladding layer) above the active layer) having a uniform carrier 
concentration could be provided under active layer 103 by adjusting the 
25 conditions of the laser light radiation and the crystal growth temperature. 

In the semiconductor laser device in accordance with the present 
invention, the channel portion and the current narrowing portion can easily 
be formed, without a pattern forming step (including the steps of forming a 
pattern mask, etching process, removing the pattern mask, and the like), by 
30 utilizing different absorption rates of carrier material gas into the cladding 
layer depending on the crystal growth temperature and varying the carrier 
concentrations in the cladding layer during crystal growth. Furthermore, 
the channel portion and the current narrowing portion can be formed in a 
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single crystal growth step, whereby the manufacturing efficiency can 
significantly be improved and a variety of semiconductor characteristics 
such as electrical and optical characteristics can also be improved. In 
addition, the characteristic variations between products can be prevented. 
5 The formation of the current narrowing portions both in the p-cladding layer 
and the n-cladding layer results in a high efficiency and realizes lower 
power consumption and higher power. The semiconductor laser device of 
the present invention is applicable to an optical integrated circuit. 

Although the present invention has been described and illustrated in 
10 detail, it is clearly understood that the same is by way of illustration and 

example only and is not to be taken by way of limitation, the spirit and scope 
of the present invention being limited only by the terms of the appended 
claims. 
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